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Abstract 
Distributions of primordial radionuclides in soil and vegetables were investigated using high-purity germanium 
gamma-ray spectrometry. Gamma-ray spectrometry is one of the most accepted and widely used techniques for the 
detection and analysis of radioactive materials for a wide range of activity. Important properties of the employed 
gamma-ray detector were also determined to ensure the accuracy of the radiometric analysis. The studied samples 
were kept in airtight condition at least for 6 weeks before gamma counting to attain the radioactive equilibrium 
between daughters and parents of 226Ra (238U) and 232Th decay series. The average specific activities for uranium in 
soil and vegetable samples were obtained as 21±4 and 2.4±0.4, respectively. Respective values for Thorium and 
Potassium levels were obtained as 21±3, 1.9±0.5 and 290±20, 80.3±54.9 in soil and vegetable samples. The reported 
data can be considered as base values for distribution of natural radionuclides in soil and vegetable samples in the 
studied region, and will be used as reference information to assess any radiological contamination due to soil and 
vegetables in future. The response of the studied the detector was found suitable for radioactivity analysis of natural 
samples having a wide range of activity. 
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1. Introduction 
Radionuclides, an unseen but classified as natural and man-made radiations have always been 
available in our earth and environment. Primordial radionuclides, the long-lived radionuclides left over 
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from when the earth was created, are the major contributors to our radiation environment. The three main 
components in this category are the decay series of Uranium-238 and Thorium-232, and radioactive 
isotope of Potassium-40. The spatial distributions of these radionuclides have a dynamic pattern i.e., in 
varying concentrations depend on the nature of the parent rock and soil. Radionuclides can transfer from 
soil to men in various known and unknown pathways. Soil-plant-food chain-man is recognized as one of 
the major pathways for the transfer of radionuclides to human beings [1]. Regardless the pathways of 
transfer, once radionuclides are housed inside the body, the cells, the tissues, and the host organs are 
constantly exposed by their emitted energetic and particulate forms of radiations. Based on the amount of 
received and/or exposed energy, the exposed cell may damage, the structure of exposed DNA may change, 
and finally many unwanted biological effects may occur. Knowledge of the radioactivity levels in the 
dwelling parameters such as soil, environment, foodstuffs, human diet etc. by the members of the public 
is of particular concern for the estimation of the possible radiological hazards to human health [2-5].GThus, 
it is important to determine the concentrations of primordial radionuclides in soils, vegetables, vegetation, 
plants, foodstuffs etc. of different regions in this globe as the spatial distribution of these radionuclides 
varies with respect to the parent soils from region to region. 
Detection of radioactivity, analysis of radioactive samples, and deciphering data require sophisticated 
devices and techniques. One of the popular techniques being used today for low-background radio-
analysis is the gamma-ray spectrometry. Three types of gamma ray detectors can be used for gamma ray 
analysis: thallium doped sodium iodide crystal NaI(Tl) scintillation detector, lithium drifted crystal of 
purified germanium detector, and High-Purity Germanium (HPGe) detector. Among them, HPGe- 
detector is the most sensitive and efficient device which is widely used in determining activity of 
radionuclides from higher order down to pCi level [6-7]. But, the wide range of radioactivity makes the 
measurements complicated necessitating calibration of used detectors for small bandwidths. Specifically, 
some samples may have relatively high activity, which forces the measurements to be carried out at large 
source-to-detector distances to avoid coincidence losses, to assure a low dead time and a point like 
geometry [8]. Others may have low activity whose measurements may require that sources to be placed in 
the vicinity of a detector. Regardless the activity of the Ȗ-ray emitting sources, accurate determination of 
radionuclides largely depends on the precise characterization of the employed detector [9-11]. The most 
important properties of a Ȗ-ray detector are the energy resolution and the detection efficiency in terms of 
the reliability of the results of analysis. In this work, soil and vegetable samples having a wide range of 
activity were analyzed by using a HPGe- gamma ray detector. In connection to this activity, important 
properties of the employed detector were also determined to ensure the accuracy of the radiometric 
analysis.  
2. Materials and Methods 
2.1. Detector characterization 
Concentration of the primordial radionuclides in the soil and vegetable samples collected from the 
south west coastal region of India were determined by using a HPGe- gamma-ray spectrometer. The 
employed gamma spectrometer was an n-type coaxial ORTEC high-purity germanium detectorGwith a 
crystal diameter of 55.1 mm and a thickness of 52.2 mm. For the purpose of decay counting, these types 
of the detector present a more uniform, efficient cross-section of the detector active volume to samples 
that are counted at a short distance from the detector [6-7]. The HPGe-detector was coupled to a computer 
based multi-channel analyzer card system, which could determine the area under characteristic's peak 
energy by using Gamma Vision software. For the measurement of low level radioactivity, a counting 
system having well shielding arrangement is very essential. The shielding reduces the background 
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resulting from terrestrial as well as extra-terrestrial sources. Reduction of background radiation in the 
present study was accomplished by a good lead shield having thickness of 4 cm, which will effectively 
absorb the unwanted radiations before they reach to the detector. A standard calibrated radioactive 60Co 
source was used for the calculation of energy resolution of the employed detector [12]. Data were taken 
for the two cascade gamma-ray energies of 1173.23 keV and 1332.51 keV. The energy resolution of the 
detector was 1.90 keV full width at half maximum at the 1332.50 keV peak of 60Co. The used detector 
and measuring arrangement was calibrated for energy and efficiency in order to determine the type of 
radionuclides and the quantities present in the measured samples. The calibrations were done using a 
cylindrical shape multinuclide standard source. The cylindrical source (having homogeneously distributed 
activity with the same volume and shape of the sample cans) was placed coaxially with the detector for 
efficiency determination which contains the following radionuclides with corresponding energies: 109Cd 
(88 keV), 57Co (122 keV, 136 keV), 137Cs (662 keV), 88Y (898 keV, 1836 keV) and 60Co (1173 keV and 
1333 keV). The gamma-ray energy vs. detector efficiency curve is presented in Fig. 1. The minimum 
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where, MDA is in Bq.kg-1, kα is the statistical coverage factor equal to 1.645 at 95% confidence level, and 
NB are the background counts at the region of interest of a certain radionuclide. M is the dry-weight of 
sample (kg), PȖ is the gamma-ray emission probability, Tc is the counting time, η(E) is the photo-peak 
efficiency. The MDA for the radionuclides of interest was calculated as 0.8 Bq.kg-1 for 226Ra, 0.9 Bq.kg-1 
for 232Th, and 2.4 Bq.kg-1 for 40K.   
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Fig. 1. Measured efficiency curve of the HPGe-detector 
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2.2. Preparation and analysis of sample 
The samples of soil and vegetables were collected from the south west coastal region of India. The 
region is well known as a high background radiation area. Collected soil samples were purified by 
removing all contaminants such as rocks, woods, metals, dry roots, grasses, vegetation residual parts etc. 
The soil samples were then dried in a hot air oven at 110 0C for 24 h to ensure that the sample is 
completely moisture free, and also a constant dry weight is obtained. Next using a mortar and a pestle, the 
soil samples were crushed to small pieces and were ground to fine grain size and sieved in order to 
homogenize the sample. The vegetable samples were washed properly, chopped into small pieces and 
dried under an IR lamp. The dry samples were then dried in a hot air oven at 110 0C for 24 h. Dried 
samples were then make into powder form and sieved. The homogenized samples were then transferred to 
the standard cans and were sealed hermetically and left for about six weeks (at least) in order to ensure 
secular equilibrium of  238U up to 210Pb and 232Th up to 208Pb.  
The standard cans having soil and vegetable samples were kept to the detector vicinity to determine the 
activity concentration of the 226Ra (238U), 232Th and 40K radionuclides. It is noted that activities of 226Ra 
(238U) and 232Th radionuclides can only be determined by using their short-lived decay products. The 
activity of 40K was evaluated using the photo peak of its characteristics gamma line at 1460 keV, the 
activity of 238U from the 1764 keV gamma-ray of 214Bi and 2614 keV gamma-ray of 208Ti for 232Th. 
Relevant decay data such as gamma-ray energy, emission probability, half-life etc. of the detected 
radionuclides were taken from the NUDAT-2 data base [13]. Each sample was counted for 60000 s and 
the background counts were deducted for obtaining the net activity. The activity concentrations (i.e., 







                   (2) 
where, A is the specific activity in Bq.kg-1, CPS is the net counts per second of the experimental sample, 
W is the weight of the sample in gram, εγ is the detection efficiency at specific gamma-ray energy, Iγ is the 
emission probability of the corresponding gamma-ray energy.  
Table 1. Average specific activity concentrations of the 238U, 232Th, and 40K in the samples 
Sample Code 238U (Bq/kg) 232Th (Bq/kg) 40K (Bq/kg) 
Soil    S1 20±3 20±3 283±21 
    S2 18±2 18±3 264±25 
    S3 25±3 22±3 275±23 
    S4 27±3 19±2 320±24 
    S5 23±3 27±3 318±23 
    S6 15±2 21±2 277±21 
Vegetable    V1 2.6±0.3 2.0± 0.4 28±2.1 
    V2 2.8±0.2 BDL 64±25 
    V3 2.5±0.3 1.2±0.3 175±23 
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    V4 2.7±0.3 1.9± 0.3 120±24 
    V5 2.3±0.3 2.7±0.5 18±23 
    V6 1.5±0.2 BDL 77±21 
3. Results and Discussion 
Soil and vegetable samples collected from the south west coastal region of India were analyzed by 
using a HPGe- gamma-ray spectrometer to determine the activity concentration of primordial 
radionuclides such as 226Ra (238U), 232Th and 40K. The obtained specific activities of soil and vegetable 
samples under this study are summarized in Table 1. The average specific activities for uranium in soil 
and vegetable samples were obtained as 21±4 and 2.4±0.4, respectively. Respective values for Thorium 
and Potassium levels were obtained as 21±3, 1.9±0.5 and 290±20, 80.3±54.9 in soil and vegetable 
samples. The activity concentration of the anthropogenic radionuclide 137Cs was not found within the 
detection limit. The measured levels of radioactivities in soil as well as vegetable samples are within the 
world range reported in ref. [2-5] (for 226Ra 17-60 Bq.kg-1, for 232Th 11-64 Bq.kg-1 and for 40K 140-850 
Bq.kg-1). 
4. Conclusions 
Only by having knowledge on the amounts of natural radioactivity and the manner in which it varies 
from place to place can intelligent interpretations of monitoring data to be ensured, whether in the vicinity 
of reactor site, the oceans, the atmosphere or in the tissues of man. The present work may find importance 
to carry out an approximately designed program on environmental radioactivity monitoring-aimed at 
minimizing population exposure which can ensure a safer living environment. Accuracy of any scientific 
study largely depends on the efficient use of the relevant tools and devices. To ensure the reliability of our 
analyses, we therefore, performed a detailed study on the basic properties of the employed HPGe detector 
such as energy resolution, detection efficiency etc., and the calibrated detector found suitable to use for 
radioactivity analysis of natural samples having a wide range of activity. Using the studied HPGe detector, 
we have determined the primordial radionuclides concentrations in soil and vegetable samples with 
varying levels of activity. The average specific activities for uranium in soil and vegetable samples were 
obtained as 21±4 and 2.4±0.4, respectively. Respective values for Thorium and Potassium levels were 
obtained as 21±3, 1.9±0.5 and 290±20, 80.3±54.9 in soil and vegetable samples. The reported data in the 
present work can be considered as base values for distribution of natural radionuclides in the studied 
region, and will be used as reference information to assess any radiological contamination due to soil and 
vegetables in future.  
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